Evidence for proximal risk factors for suicide is based on case-control psychological autopsy studies, with these reports showing that mood and substance use disorders are the most prevalent mental disorders among suicide decedents worldwide and are associated with marked risk. However, moderators of risk and the degree of risk associated with (nonalcohol) drug use disorder are unknown. A comprehensive search was used to identify 35 case-control psychological autopsy studies published worldwide over a 30-year period that were metaanalyzed using random effects models. Major depression, odds ratio (95% confidence interval) = 9.14 (5.53, 15.09), and drug use disorder, OR (95% CI) = 7.18 (3.22, 16.01), had large effect sizes, among other results. Risk estimates associated with major depression were greater in studies with a larger proportion of women and those conducted in Asia compared with other regions. There was no evidence of publication bias or that any one study had a disproportionate impact on findings. Risk for suicide associated with major depression appears to be moderated by sex and/or world region. Drug use disorder is a potent risk factor, illustrating the importance of assessing drug use in clinical risk assessment.
decedents worldwide (Cavanagh, Carson, Sharpe, & Lawrie, 2003) . Illustrating their central importance in suicide, a metaanalysis concluded that 26.3% of suicides in males and 31.6% in females are "attributable" to a mood disorder, highest among mental disorders, based on a formula that considers both the high prevalence of mood disorders among suicide decedents and the substantially higher likelihood of a mood disorder in suicide cases compared to nonsuicide controls (Li, Page, Martin, & Taylor, 2011) . Alcohol or other drug use disorders are the second most common category of mental disorder among suicide decedents (Cavanagh et al., 2003) . Prior metaanalyses of case-control psychological autopsy studies have generated pooled estimates of risk for suicide associated with mood disorders and alcohol or drug use disorders (Arsenault-Lapierre, Kim, & Turecki, 2004; Cavanagh et al., 2003; Yoshimasu, Kiyohara, & Miyashita, 2008) , but numerous studies with large sample sizes from different regions of the world have been conducted since these reports were published. A more recent metaanalysis by Cho, Na, Cho, Im, and Kang (2016) served to update the literature, but the inclusion criteria required an estimate of risk for any mental disorder, serving to exclude more targeted papers, with implications for results (see Discussion).
As well, prior metaanalyses did not determine whether mood disorders and alcohol or drug use disorders confer differing levels of risk across populations. Along these lines, it is well-established that there are age, sex, and regional differences in the prevalence of mood disorders and alcohol or drug use disorders among suicide decedents, with females generally more likely to have mood disorders compared to males, younger individuals more likely to have alcohol or drug use disorders compared to older individuals (Qin, 2011) , and suicide decedents in China showing lower prevalence of depression and alcohol or drug use disorders compared to Western populations (Phillips et al., 2002) . Furthermore, the metaanalysis by Cho et al. (2016) examined age, sex, and regional differences in the presence of any mental disorder (but not mood or substance use disorder per se) among suicide cases. Although these reports are useful, they are limited by the examination of suicide cases only, with the potential that results merely reflect underlying population distributions of these disorders as opposed to moderating influences of age and so forth in suicide risk. Addressing this topic will require analysis of case-control data and formal tests of moderating effects, yet, with rare exception (e.g., Conner, Beautrais, & Conwell, 2003) , formal tests of moderation that produce statistically significant results in the case-control psychological autopsy research literature are rare, a limitation that can be overcome by combining the results of studies through metaanalysis. A metaanalysis by Li et al. (2011) examined risk for suicide associated with mood disorders and alcohol or drug use disorders using controlled reports that included a focus on moderating effects of sex, age, and region. However, the authors narrowed their search to studies that reported risk estimates for various diagnoses and one or more socio-economic variables (e.g., low occupational status), resulting in a restricted number of studies analyzed, with unclear generalizability to the broader casecontrol psychological autopsy literature.
A recent metaanalysis examined risk for suicide associated with alcohol use disorder, providing a pooled estimate, OR (95% CI) = 2.59 (1.95, 3.23) (Darvishi, Farhadi, Haghtalab, & Poorolajal, 2015) . The authors also examined age and sex as moderators of the association between alcohol use disorder and suicide and did not find evidence of moderation. However, the analyses combined the results from studies using different study designs, including cohort studies that may assess mental disorders years prior to suicide, making the relevance of the findings to proximal risk for suicide unclear. The metaanalysis by Cho et al. (2016) narrowed the focus to psychological autopsy research studies and reported risk estimates for any substance use disorder (i.e., alcohol or drug) and alcohol use disorder broadly defined. However, neither metaanalysis disentangled subcategories of alcohol use disorder, including alcohol abuse and alcohol dependence, or examined nonalcohol drug use disorders. These are critical gaps because case-control psychological autopsy research has been dominated by reports of alcohol use disorder alone or summary substance use disorders variables that combine alcohol and other drug use disorders, making the contribution of (nonalcohol) drug use disorders to risk unclear. Disentangling categories of alcohol use disorder is also needed because some reports suggest that alcohol dependence but not alcohol abuse is greater in suicide decedents compared to nonsuicide controls (Cheng, 1995; Foster, Gillespie, McClelland, & Patterson, 1999; Kolves, Varnik, Tooding, & Wasserman, 2006) , which may be attributable to greater alcohol-related severity associated with alcohol dependence.
We conducted a metaanalysis of case-control psychological autopsy studies of suicide to provide updated estimates of risk associated with mood disorders and alcohol or drug use disorders; test the moderating effects of age, sex, and region on these variables; disentangle risk in diagnostic subcategories based on the idea that risk may vary as a function of illness severity; and generate novel proximal risk estimates for nonalcohol drug use disorders.
METHODS

Literature Search
Inclusion criteria were as follows: (1) case-control study design that included a suicide decedent group and a nonsuicide control group, living or dead; (2) descriptive data provided on one or more mood disorder(s) and/or alcohol or drug use disorders in suicide cases and controls and/or the results of adjusted or unadjusted comparisons that were sufficient to calculate an effect size with respect to these disorders; (3) in-person research interviews using a diagnostic instrument with proxy respondents of suicide decedents and with nonsuicide controls and/or proxy respondents of controls; and (4) examinations of all suicides in a given population and/or subgroups defined by age, sex, and/or geographic location but no other criteria (e.g., a study comparing a general population sample of suicides and controls ages 60 and over would be eligible). Exclusion criteria were as follows: (1) non-English reports; (2) nonsuicide studies (e.g., examinations of nonlethal suicide attempt); (3) subpopulations of cases defined other than by age, sex, or geographic location (e.g., hospital patients, prisoners); (4) ineligible study design (e.g., record linkage study); (5) results were unavailable to calculate an effect size for a mood disorder and/or alcohol or drug use disorder and suicide or such results were duplicative of other reports of the same sample; (6) papers published before 1985; and (7) non-peer-reviewed studies (e.g., book chapters).
The identification of reports for the metaanalysis is described in Figure 1 . First, electronic searches of PubMed using the terms "case-control" [All Fields] AND "suicide" [All Fields]) OR "psychological autopsy" [All Fields] were used to identify reports between January 1, 1985, and May 9, 2016 (n = 1,559) . Second, review of the abstracts and, when necessary, the full reports of these studies were used to narrow the list to nonduplicative reports that met all eligibility criteria (n = 32). Third, the reference lists of the eligible papers, along with the reference sections of prior metaanalyses (Arsenault-Lapierre et al., 2004; Cavanagh et al., 2003; Darvishi et al., 2015; Yoshimasu et al., 2008) and comprehensive reviews (Conner et al., 2011 (Conner et al., , 2012 , were used to identify three additional studies (N = 35).
Data Abstraction and Coding
Standardized data collection forms were developed for abstracting data (Lipsey
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MOOD AND SUBSTANCE USE DISORDERS IN SUICIDE & Wilson, 2001 ). The studies were coded by one of the authors (DJD) who reviewed the codes regularly with a second author (JAB) and, when there were questions, they consulted with a third author (KRC) to reach a consensus. The codes included: date of publication; region; country; sample size (cases, controls); participation rates (when available); age (mean, range); sex distribution; race/ethnic distribution when available; other demographic characteristics when available (e.g., education); nature of control group (e.g., community sample, injury decedents); instrument used to assess mental disorders; diagnostic system; and relevant results including descriptive, unadjusted, and adjusted findings. Age, sex, and region were defined by mean age of cases (median age or age range used if mean age not available); proportion of male cases; and region of data collection including Asia, Australia or Oceania, Central America, Europe, and North America. Diagnoses of mood disorders and substance use disorders were used if they were based on one of the versions of the Diagnostic and Statistical Manual (e.g., American Psychiatric Association, 1994), International Classification of Diseases (e.g., World Health Organization, 1995), or if we determined that they were a reasonable proxy (e.g., substance misuse). Mood disorders included five categories: (1) mood disorder (broadest); (2) minor depression or dysthymic disorder; (3) major depression; (4) depression with psychosis; and (5) bipolar disorder. Alcohol and drug use disorders included five categories: (1) substance misuse or substance use disorder (substance use disorder) (broadest); (2) nonalcohol drug misuse or drug use disorder (drug use disorder); (3) alcohol abuse; (4) alcohol dependence; and (5) alcohol misuse or alcohol use disorder (alcohol use disorder). Data from separate reports of the same data set were included when they provided nonoverlapping results pertinent to the metaanalysis, including estimates for different diagnoses (e.g., Kolves, Sisask, et al., 2006; Kolves, Varnik, et al., 2006) or examinations of different age groups (e.g., Chan et al., 2009; Chiu et al., 2004) . Methodological quality ratings were generated by one of the authors (KRC) using a 14-item rating scale (score range 0-18) that included 10 applicable items from a standard measure (Downs & Black, 1998) and four novel items created for the current study; for example, "What was the response rate for cases in the study?" ≥75% (scored 2), 50-74% (scored 1), ≤49% or unreported (scored 0).
Analyses
We obtained pooled estimates of the size of associations between mood disorders and alcohol or drug use disorders with suicide using random effects models (DerSimonian & Laird, 1986) . We chose random effects models instead of fixed effects models in anticipation of heterogeneous effect sizes (Cooper, Hedges, & Valentine, 2009 ). Statistical analyses were performed using Comprehensive Metaanalyses version 2.2 (Biostat, Englewood, NJ) and SPSS version 24 (SPSS Inc, Chicago, IL). Odds ratios and 95% confidence intervals (OR, 95% CI) generated in these models provided measures of effect size. As data allowed, we examined world region, sex, age, and methodological quality as moderators of risk associated with mood disorders, major depression, minor depression or dysthymia, substance use disorder, and alcohol use disorder; there were too few reports to examine moderating influences on other disorders. World region and age were categorical moderators of outcome. For continuous moderators, mixed effects metaregression was used to explore whether proportion of male cases and methodological quality influenced outcome. Continuous moderators that showed an association with outcome were dichotomized by median split and reexamined as categorical moderators. Heterogeneity of effect sizes was examined using the Cochran Q chi-square statistic (p ≤ .10) and the I 2 statistic, a transformation of Q that indicates the percentage of variation in the effect size estimate attributable to heterogeneity rather than sampling error (Higgins & Thompson, 2002) . Publication bias was assessed visually using funnel plots and quantitatively using an adjusted rank correlation test (Begg & Mazumdar, 1994 ) and a regression procedure to measure funnel plot asymmetry (Egger, Davey Smith, Schneider, & Minder, 1997) . We performed leave-oneout analyses by iteratively deleting each study and calculating the resulting effect to determine whether any study unduly influenced pooled effect size estimates.
RESULTS
Eligible Studies
Characteristics of the 35 studies analyzed are listed in Table 1 . Region of studies include Asia (n = 11), Australia or Oceania (n = 5), Central America (n = 1), Europe (n = 12), and North America (6). Age categories include adolescent and/or young adult (n = 10), mixed age (n = 19), and older adult (n = 6). Across all studies, the average proportion of male cases was 0.71 (standard deviation [SD] = 0.14). Quality ratings ranged from 4 to 17, with mean (SD) = 12.7 (3.4). The studies reported the results for the disorders examined in this review.
Main Effects
The primary results of the analyses are shown in Table 2 . Mood disorder broadly defined and major depression showed the largest effect sizes in risk for suicide: mood disorder, OR (95% CI) = 14.34 (9.10, 22.57); major depression, OR (95% CI) = 9.14 (5.53, 15.09). The effect sizes for bipolar disorder, depression with psychosis, and minor depression or dysthymic disorder were statistically significant although smaller in magnitude, in the range of three-to fourfold risk. The results of the analyses of the various alcohol and drug use disorders are also shown in Table 2 , with each disorder showing statistically significant results in the range of threefold risk for suicide and higher, with the highest risk estimate for drug use disorder, OR (95% CI) = 7.18 (3.22, 16.01). Significant heterogeneity across studies was noted for each disorder (I 2 range, 39%-80%), with the exception of depression with psychosis and bipolar disorder.
Moderator Analyses
There is evidence of a moderating effect of region on risk for suicide associated with mood disorder (Q 3 = 9.60, p = .022) and major depression (Q 2 = 7.63, p = .022), with studies conducted in Asia showing the highest pooled risk estimate for each of these disorders. However, the test for a moderating effect of region on risk for suicide associated with substance use disorder was nonsignificant (Q 3 = 4.98, p = .173). Also, risk for suicide associated with major depression was higher in studies with larger proportions of females (b = 4.48, Q 1 = 6.87, p = .009). Studies with higher quality ratings generated higher risk estimates associated with alcohol use disorder (p = .003) and drug use disorder (p < .001). There was a lack of evidence of moderating effects of region or gender on risk associated with other disorders, and we found no evidence of moderating effects of age.
Publication Bias and Leave-One-Out Analysis
Separate analyses of publication bias were conducted for each pooled estimate of risk of suicide associated with mood disorders and alcohol or drug use disorders. We did not find evidence of publication bias in any of the models based on visual inspection of the funnel plots, the adjusted rank correlation tests, and the regression intercept approach (data available on request). Sensitivity analyses did not suggest that any individual study unduly influenced the pooled risk estimates reported in Table 2 (data available on request).
DISCUSSION
Mood Disorders
The current metaanalysis of case-control psychological autopsy studies conducted worldwide over a 30-year period provided estimates of proximal risk for suicide associated with various mood and substance use disorders and tested moderators of risk. The risk estimate for major depression was significantly lower than that provided by Cho et al. (2016) which may be presumed to be attributable to the differing search strategies, with the current search uncovering a greater number of relevant reports (n = 19 vs. n = 12). Nonetheless, the risk estimate that we obtained for major depression is on the order of ninefold risk, underscoring that it is a potent risk factor. In contrast, the estimate of proximal risk for suicide associated with minor depression or dysthymia OR (95%) CI = 2.7 (1.5., 4.9) was similar to that provided by Cho et al., with the implication that nonsevere depression confers increased risk for suicide. Tests of moderation suggest that mood disorder broadly defined and major depression are more potent proximal risk factors in studies conducted in Asia than other world regions. Interestingly, psychological autopsy studies conducted in Asia have generally shown that the percentage of suicide decedents with depressive symptoms or disorders is lower compared to Western reports (e.g., Phillips et al., 2002; Vijayakumar et al., 1999) . However, it is critical to consider the generally very low prevalence of depressive illness in nonsuicide control subjects in Asian studies and, as illustrated by the current analysis, when cases and controls from studies conducted in Asia are pooled and compared on major depression, it produces dramatic risk estimates. Tests of moderation also suggest that major depression is associated with greater increased risk for suicide in women than men (Table 3) .
Alcohol and Drug Use Disorders
The study provides a novel estimate for proximal risk for suicide associated with nonalcohol drug use disorder, and the highrisk estimate, OR (95% CI) = 7.2 (3.2, 16.0), illustrates the importance of targeting drug abuse in suicide prevention efforts. Drug use disorders are heterogeneous, and prior research suggests that nonmedical use of opiates, cocaine, amphetamine, and other stimulants is associated with suicide (Degenhardt, Roxburgh, & Barker, 2005; Wilcox, Conner, & Caine, 2004) . Unfortunately, information on specific drug use disorders is generally lacking in case-control psychological autopsy studies, making it unclear whether similar results would be obtained using this methodology. The risk estimates for alcohol use disorder broadly defined, alcohol abuse, and alcohol dependence are similar to one another, in the area of three-to four-fold risk. These results suggest that it would not represent a significant loss of information to use a unitary measure of alcohol use disorder in case-control psychological autopsy research studies, for example, as defined using current nosology (American Psychiatric Association, 2013) . Finally, risk estimates did not differ by region or sex, unlike the results for mood disorder and major depression.
Effect Sizes
The effect sizes in the current study were generally higher than in Franklin et al.'s (2017) landmark metaanalysis of suicidal behavior. However, it is difficult to make head-to-head comparisons of effect sizes of postmortem case-control studies and cohort studies. Cohort studies of suicide deaths have had long lengths of follow-up, with potential that an assessed exposure (e.g., alcohol use disorder) is no longer an active problem at the time of death, among other problems of interpretation. Indeed, the median length to follow-up in Franklin and colleagues' metaanalysis was 6 years, with fewer than 1% of the effect sizes based on reassessments of 1 month or less, and approximately 29% based on follow-ups of 10 years or greater. The study also showed that effect sizes for suicide deaths were modestly reduced with length of follow-up, suggesting longer follow-ups may bias effect sizes downward. Recognizing the limitation of lengthy follow-ups, Franklin and colleagues called for the use of short follow-up periods in cohort studies moving forward. We agree, although the feasibility of such research for studies of suicide deaths is unclear given the low incidence rate. Case-control psychological autopsy studies are focused on the time period prior to death and a comparable exposure period in nonsuicide controls, increasing their capability to estimate risk associated with active symptoms. Accordingly, this study design seems better equipped to estimate proximal risk for suicide deaths associated with mental disorders (and other exposures). Finally, despite generally large effect sizes associated with mood and substance use disorders, suicide is a rare outcome that cannot be predicted with accuracy by clinicians, researchers, or other stakeholders, and the results of the current study do not change this bottom-line conclusion.
Limitations
There were limitations of the metaanalysis. Broad measures were used to create the moderators including age (mean age of study) and sex (proportion male in study). There were no data to allow for examination of several world regions. We examined proximal risk associated with alcohol and drug use disorders, but it was not possible to examine the role of acute use of alcohol (e.g., Branas, Richmond, Ten Have, & Wiebe, 2011) or acute use of various drugs in risk (e.g., Borges, Bagge, & Orozco, 2016) because such data are rarely available in case-control psychological autopsy studies. Females make up a greater percentage of suicide decedents in Asia, and in China in particular, compared to other regions (World Health Organization, 2014) , complicating the interpretation of moderating effects of sex and region on risk for suicide associated with major depression that were identified in the current analyses. More specifically, in our metaanalysis, it was not possible to disentangle main or interactive effects of region and sex in the moderation analysis concerning major depression because all studies in Asia had a low proportion (≤ .70) of male cases. As well, the risk estimate for bipolar disorder, OR (95% CI) = 3.7 (1.6, 8.6), in the current study requires cautious interpretation in light of high risk associated with this disorder that has been reported in studies using prospective designs (Angst, Stassen, Clayton, & Angst, 2002; Chang, Chen, Yen, Chen, & Lee, 2012) and because of the potential for missing the diagnosis using retrospective methodology in individuals who killed themselves during the depressive (rather than manic) phase of the illness (Valtonen et al., 2008) . Another limitation is that the available data did not make it feasible to estimate risk associated with mental disorder comorbidity (e.g., mood disorder plus substance use disorder). There are inherent limitations of case-control psychological autopsy research, including retrospective biases, primary reliance on proxy reports, and participation rates that vary widely (Conner et al., 2011 (Conner et al., , 2012 . Future research on suicide, regardless of the methodology used, would be improved by examining acute use of alcohol, investigating social media content (e.g., to identify suicide-related communication before suicide), employing cutting-edge data analytic techniques, and gathering data on other domains of study (e.g., stressful life events, perceived belonging) with widely used and validated measures to allow for pooling such data for metaanalysis (Conner et al., 2011 (Conner et al., , 2012 Franklin et al., 2017; Luxton, June, & Fairall, 2012) .
CONCLUSION
Merits of the current metaanalysis included the focus on a single study design (case-control) and outcome (suicide death) to aid interpretation; examination of the two most prevalent broad categories of mental disorders among suicide decedents worldwide (i.e., mood disorders, substance use disorders); use of several strategies to examine potential biases on results; and a focus on proximal risk for suicide that is uniquely suited for psychological autopsy research designs. In conclusion, the current metaanalysis provides new evidence that major depression and mood disorder may be an especially virulent proximal risk factor for suicide in Asian populations and that major depression may be a more potent risk factor in women. The pooled estimate concerning drug use disorders is novel and underscores the importance of targeting drug abuse in suicide prevention efforts. Results do not suggest differences in suicide risk associated with alcohol abuse and alcohol dependence, suggesting that the change to simplify substance use disorder nomenclature in DSM-V does not come at a cost to estimations of suicide risk.
